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Abstract
Background: Accurate assessment of dental students’ pre-clinical work is the most
critical component of the dental education process. Thus, this study came to investi-
gate the effectiveness of using technology in students’ pre-clinical work evaluation; by
comparing grades generated from a digital assessment software of a prepared tooth
and a traditional visual inspection carried out by four calibrated faculty members.
Methods: Ninety-six teeth were prepared for a ceramo-metal crown by fourth year
dental students. The four examiners and the digital grading software evaluated inde-
pendently each preparation once. A random sample of 20 preparations were graded
twice to assess intra-rater reliability. Inter-class correlation (ICC) was used to measure
agreement among the four examiners, and between the examiners and the digital grad-
ing software. Paired student t-test was used to assess the accuracy of grades generated
from visual inspection when compared to the digital grading system.
Results: Intra-rater reliability for examiners 1 and 2 were 0.73 and 0.78 and for the
digital grading system was 0.99. The inter-rater reliability among the four examiners
was very good, ICC of 0.76. However, the agreement between scores produced by the
examiners and the digital system were mostly in the low to moderate range. The paired
t-test demonstrated statistically significant differences between each examiner and the
digital grading by 6—25 grades.
Conclusions: This study demonstrates that the digital grading system used in this study
can reliably scan and compare students’ tooth preparations to a known gold standard.
Results of this study suggests that using digital grading will preclude the variability and
the subjectivity that usually result from the traditional visual inspection grading.
Introduction
Accurate assessment of dental students’ pre-clinical work is
the most critical component of the dental education process
(1). Assessment has an important role in achieving planned
educational objectives and should not be a goal in itself (2).
And for assessment to be effective, it should provide con-
sistent and accurate feedback to students to help them
achieve high level of competency before progressing to patient
care (1).
The traditional method that is commonly used to assess
students’ pre-clinical dental work such as tooth preparations usu-
ally depends on the judgment of experienced restorative dentistry
specialists mainly utilising visual inspection. Unfortunately, this
method fails to provide students with consistent feedback due to
many sources that contribute to disagreement including grading
scale, grader calibration, training and subjective influences (3).
Different studies found significant disagreement between graders
when evaluating students’ pre-clinic assignments (4–6). A more
recent work that evaluated consistency in pre-clinical grading
found significant disagreement between examiners in almost all
types of tooth preparations (7).
Even in studies that graders were calibrated to standardise
the grading process, results showed a significant element of
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uncertainty and inconsistency amongst evaluators (8). Continu-
ing training and calibration sessions may minimise these differ-
ences; however, this needs time and resources that are usually
not available for busy faculty members (9).
On the other side, this inconsistency in grading may interfere
with the learning process when students perceive it as a form
of favouritism, discrimination and unfairness (1). This usually
leads to students focusing more on the grade than the actual
learning experience.
Recently, dental education leaders demonstrated great inter-
est in improving grading systems. As an example, the U.S.
Commission on Dental Accreditation (CODA) has suggested
predetermined, standardised, reliable and valid grading forms
to be used in the US dental schools (10). Those standards
require dental schools to develop robust assessment tools along
with protocols to give effective feedback to students. Investiga-
tors concluded that to achieve this goal, dental schools need to
remove the human element and adopt more objective methods
(6, 11).
This can be achieved by adding an additional dimension to
the learning process by using technology in feedback such as a
grading software that can provide assessment and communicate
feedback to students and faculty members (12). This technology
can help evaluators achieve a more objective assessment and
help students improve their self-assessment (13). Consistent
and accurate feedback from a digital grading software can help
students differentiate between weaknesses in hand skills and
deficiencies in conceptual knowledge (13).
Thus, this study investigated the effectiveness of using tech-
nology in students’ pre-clinical assignment evaluation by com-
paring grades generated from a digital grading software (Nissan
Fair Grader 100, Nissin Dental Products Inc., Kyoto, Japan)
and four calibrated faculty members. This software scans a stu-
dent’s prepared tooth and compares it to a known (software
driven) standardised preparation. An actual numerical evalua-
tion is generated by this system.
Studies that assessed the use of digital grading systems in
students’ evaluation agreed on the great potential of digital
technology to produce more objective assessment. Those stud-
ies mainly used (E4D Compare) (E4D Technologies LLC,
Richardson, TX, USA) digital software and evaluated different
students’ pre-clinical skills, such as crown preparations, dental
anatomy and intracoronal restorations (1, 14, 15).
The hypothesis of this study was that the (Nissin Fair Grader
100) software is more consistent and therefore less variable
when evaluating students’ tooth preparations compared with
the traditional visual inspection.
Methods
Ninety-six teeth were prepared by fourth-year dental students
at Al-Quds University, Faculty of Dental Medicine as part of
their fixed prosthodontics course final exam. The preparations
were performed as a ‘practical examination’ after adequate
didactic, laboratory and clinical instructions on the proper
parameters necessary to accomplish an ideal preparation. The
assignment was to prepare tooth #1.6 (maxillary right first
molar) for a ceramo-metal crown using a Nissin Simple Root
Tooth Model (permanent tooth) A5A-200 (Nissin Dental
Products INC., Kyoto, Japan) fixed in the jaw of a simulation
unit.
The students were allowed 1 h for the preparations. Prepara-
tions were then graded (double blinded) by four faculty mem-
bers specialising in fixed prosthodontics (examiners 1, 2, 3 and
4). Examiners 2, 3 and 4 had been involved in teaching fixed
prosthodontics for almost 10 years, whilst faculty member 1
had only been teaching this course for the past 4 years.
The preparations were graded by the examiners on a raw
scale from 0 to 100. Examiners were calibrated to grade against
the ideal ‘gold standard’ preparation. Calibration was per-
formed on what constitutes an ideal preparation and how to
score deviations from ideal. Additionally, faculty members
assessed a sample of 10 preparations to ensure that all of them
agree independently on the different evaluation criteria that
they set for this practice such as taper, amount of reduction
and type of finish line. Figure 1 demonstrates criteria used in
the visual grading.
For the first time at Al-Quds University, Faculty of Dental
Medicine, a digital grading system was introduced to ensure
accuracy and fairness in students’ grading. Nissin Fair Grader
100 was used in this study as the digital grading system, and
its consistency was assessed by grading a random sample of 20
tooth preparations twice.
Nissin Fair Grader 100 scans the preparations in three
dimensions and superimposes the prepared tooth on the master
gold standard preparation to detect the differences. The
scanned images consist of 300 000 points of cloud data that
produce high accuracy replica of the tooth preparation. The
Fair Grader 100 produces a PDF report that is saved to the
hard disc and shows deviations from a gold standard prepara-
tion in horizontal and vertical cross sections. Figure 2 shows
Fair Grader 100 evaluation criteria.
In the first step, the students’ preparations were removed
from the simulation unit, labelled by a given ID number,
blinded and graded independently by the four faculty members
(examiners 1, 2, 3 and 4). In the second step, the tooth prepa-
rations were scanned, and stored in the digital grading system
(Nissin Fair Grader 100) by a trained teaching assistant. The
software performed the grading task by comparing the student’s
preparation to a gold standard preparation. In this study, the
gold standard was created by Nissin Fair Grader 100 ideal
preparation criteria that was approved by the Prosthodontic
Department faculty members. The software gives the final grade
of the student’s preparation on a (0—100) scale by measuring
any discrepancy in reduction (over-reduction or under-reduc-
tion) than the gold standard set by the software. In this appli-
cation, Nissin Fair Grader 100 software tolerance area was set
to 0.25 as the acceptable range that students’ preparations can
vary from the ideal. Figure 3 shows the final evaluation report
produced by Nissin Fair Grader 100.
These two methods of evaluating a student’s ability to pre-
pare a tooth for a ceramo-metal single crown were compared.
The first method involved a faculty member examiner compar-
ing the student’s tooth preparation to the gold standard prepa-
ration based on visual inspection of the agreed-upon criteria
and providing a grade that ranges from 0 to 100.
The second method utilised the software assessment of the
tooth preparation using the method explained above. More
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details on how the software works can be found at the Fair
Grader 100official website (16).
It was hypothesised that the software would be more precise in
grading the students and that traditional visual inspection grad-
ing method would have a greater variability. It is also hypothe-
sised that if we consider the digital grading as the gold standard,
examiners would show different degrees of accuracy in their
grading using the visual inspection. The Research Ethical Board
at Al-Quds University approved all aspects of this research.
Statistical analysis
The four examiners and the digital grading system (Nissin Fair
Grader 100) evaluated independently each student’s preparation
once. The evaluation provided by the digital system and the four
examiners was on a continuous measure, ranging from 0 to 100.
Grades from the four examiners using the visual inspection were
averaged (mean rating); this average is usually used as the
student’s final grade.
The Grading software comparing the 
participant's preparation scan vs. The 
ideal Master preparation scan
The Fair Grader 100 ®software grading
settings
Fig. 2. Fair Grader 100TM Digital Software Grading Criteria.
CRITERIA USED IN VISUAL GRADING
Tooth number 16 prepared for a ceramo-metal crown: (Wingless preparaon)
Fig. 1. Criteria used in visual grading. Tooth number 16 prepared for a ceramo-metal crown: (Wingless preparation).
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Descriptive statistics such as the mean, standard deviations
and the range for the digital grading system, the individual
rating of examiners 1, 2, 3 and 4 and the mean rating were
generated.
Twenty tooth preparations were selected randomly and were
re-evaluated by examiners 1 and 2 after a month from the first
evaluation to assess the intrarater reliability of each examiner.
This was carried out using SPSS interclass correlation (ICC)
single measure one-way random definition.
Inter-rater reliability amongst the four examiners was
assessed using the interclass correlation (ICC) (17). Inter-class
correlation average measurements were generated using SPSS
absolute agreement and consistency definitions assuming a
two-way mixed effects model where examiners’ effects are ran-
dom and measures’ effects are fixed.
Reliability tests measure precision and repeatability by mea-
suring the degree to which two methods produce the same
results when they measure the same sample (18); however,
accuracy of a grading method can be measured by assessing the
agreement of this method against a gold standard (18). If we
consider the digital grading with its high precision as the gold
standard, we can assess the accuracy of each of the four exam-
iners using different statistical methods.
One way is to check whether the mean grade for each exam-
iner is equal to the mean grade for the digital system. This was
considered by calculating the differences between the exam-
iner’s score and the digital grading score and testing whether
they differ from zero using paired t-test (17). Looking at the
standard deviation (SD) for each difference gave us an idea
about the agreement between the two methods. However, this
reflects one aspect of the agreement because the means can be
equal, whilst the (random) differences between measurements
can be huge. For that, we used Bland–Altman plots and limits
of agreement to assess any systematic difference between the
digital grading and the individual examiner rating (i.e. fixed
bias) and to identify possible outliers (19). Bland–Altman was
constructed by plotting |Examiner x – digital rating| against
(Examiner x + digital rating)/2, and limits of agreement were
generated by calculating the mean difference  1.96 SD of the
difference (17). The limits of agreement represent the range of
values in which agreement between the two methods will lie for
approximately 95% of the sample (18).
Spearman’s rank correlation was used to check bivariate lin-
ear association between each pair of examiners. We also used
Spearman’s rank correlation to assess the association between
the mean rating and the digital grading system. For all calcula-
tions, the software SPSS version 20 was used (20).
Results
The final sample included the grades for 91 students’ prepara-
tions. Five preparations were excluded because they were per-
formed on the wrong tooth number.
Four experienced and calibrated examiners were responsible
for visually grading the preparations. The grading was per-
formed once for the 91 preparations by the four examiners and
twice for a random sample of 20 teeth by two examiners.
Table 1 shows descriptive statistics of students’ grades by the
four examiners and the digital grading system.
The average time for visually grading a total of 91 samples
was 3 h and 40 min (2.5 min/sample/examiner). In contrast, it
took a little over 3 h for one teaching assistant to scan the 91
preparations and get the results using Nissin Fair Grader 100
[100 s (1 min and 40-s) to scan one tooth preparation].
The intrarater reliability for visual scoring amongst examin-
ers 1 and 2 was very good. The single measure of the ICC for
both examiners was 0.73, 95% CI [0.44—0.88] for Examiner 1
and 0.77 for Examiner 2, 95% [0.51—0.90]. The strong
Spearman correlation coefficients, especially for examiner 2
(Examiner 1: 0.69, P < 0.001; Examiner 2: 0.93, P < 0.0001)
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Fig. 3. Grading Report Produced By the Fair Grader 100TM Digital
Software (Nissin Dental Products Inc.)
TABLE 1. Descriptive statistics of students’ grades by the four examiners
and the digital grading system
n Minimum Maximum Median Mean SD
Examiner 1 91 0 90 60 57.4 21.6
Examiner 2 91 10 85 53 48.9 17.1
Examiner 3 91 30 89 70 68.1 11.5
Examiner 4 91 30 90 60 57.7 18.1
Digital grading 91 0 71 47 42.2 20.1
SD, standard deviation.
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indicate that, between the two grading trials, samples were
ranked similarly to each other. This implies that tooth prepara-
tions that scored well on the first grading trial also tended to
score well on the second grading trial.
Regarding the inter-rater reliability amongst the four exam-
iners, authors first were interested in assessing the degree that
examiners’ ratings were consistent with one another such that
higher ratings by one examiner corresponded with higher rat-
ings from another examiner. This was performed by the ICC
mixed model with SPSS consistency definition. The average
measure of ICC amongst the four examiners was excellent,
0.82, 95% [0.75—0.87]. On the other hand, the average mea-
sure of the ‘Absolute Agreement’ type of ICC (the degree that
examiners agreed on the absolute values of their ratings)
amongst the four examiners showed less inter-rater reliability
of 0.76, 95% [0.61—0.85].
Bivariate correlation results showed that Examiner 1 and
Examiner 2 grades were highly correlated, r = 0.73, P < 0.0001
and examiners 3 and 4 had the poorest correlation, r = 0.47,
P < 0.0001.
To evaluate the agreement between the scores assigned by
the visual grading technique and those produced by the digital
grading technique, we considered the ICC and the Spearman
rank correlation coefficient between individual scores for each
faculty evaluator, as well as the mean of the four faculty mem-
bers’ scores. Table 2 demonstrates those values.
The majority of the ICC values were in the low-to-moderate
range. The highest agreement between the digital system and
the four examiners was highest for examiners 1 and 2 and
lowest for examiners 3 and 4. When we used the overall mean
of faculty grades and compared to the digital grading system,
the agreement dropped significantly to 0.58 with correlation
coefficient of 0.63. The mean rating and individual ratings by
the four examiners were consistently higher than the grades
produced by the digital grading system.
The reproducibility of the grades using the Fair Grader 100
was excellent; Spearman rank correlation was P = 0.998,
P < 0.0001 and ICC was .998, P < 0.0001. This high precision
of the Fair Grader 100 qualified this device to be considered
as the gold standard in further analysis. The authors used the
Fair Grader 100 to assess the accuracy of each individual
examiner’s grades against grades produced by the digital sys-
tem. The paired t-test demonstrated statistically significant dif-
ferences between all examiners and the digital grading system
by 6—25 grades. Examiner 2 on average had the smallest differ-
ence (digital grade – examiner visual grade); however, the stan-
dard deviation for this examiner was one of the largest,
indicating high variation in his grades. Table 3 shows the
paired t-test results.
Bland–Altman plots (Fig. 4) showed no systematic bias for
the four examiners. This was demonstrated by having most of
the differences clustered around the mean (the fixed bias) from
both sides.
A close examination of the Bland–Altman plots shows the
following:
• In plot #1(Examiner #1 – Digital grading), differences were
clustered around their mean very closely compared to other
plots and outliers greater or lower than the agreement lines
were very few. This suggests that Examiner #1 had the best
agreement with the digital grading system.
• The differences in plot #3 (Examiner #3 – Digital grading,
y-axis) are dependent on the grade value (the average of the
two methods on the x-axis). This was demonstrated by how
differences have a pattern when they are scattered around
the mean.
Discussion
Department of Fixed and Removable Prosthodontics at
Al-Quds University is responsible for establishing the basic con-
cepts and hand skills of different dental prosthetic procedures
such as crown and bridge preparation. The department aims to
prepare students for their future career in dentistry using the
best available evidence and technology in teaching and in
assessing students’ dental work.
TABLE 2. Agreement between the digital grading system and each of
the four examiners and their average ratings
Comparison
Intraclass
correlationa 95% CI
Spearman’s
Correlation
Digital grading
and Examiner 1
0.65 0.15 0.83 P = 0.63 P < 0.0001
Digital grading
and Examiner 2
0.54 0.30 0.69 P = 0.40 P < 0.0001
Digital grading
and Examiner 3
0.30 0.19 0.61 P = 0.47 P < 0.0001
Digital grading
and Examiner 4
0.54 0.07 0.75 P = 0.49 P < 0.0001
Digital grading
and average
ratings
0.57 0.041 0.798 P = 0.63 P < 0.0001
CI, confidence interval.
aTwo-way mixed effects model where people effects are random and
measures effects are fixed.
TABLE 3. Paired t-test to assess accuracy of different examiners’ ratings
Paired differences
Mean SD SEM
95% CI of the
Difference
Lower Upper
Pair 1 Examiner 1 –
Software
assessment
15.187 18.517 1.941 11.330 19.043
Pair 2 Examiner 2 –
Software
assessment
6.659 20.596 2.159 2.370 10.949
Pair 3 Examiner 3 –
Software
assessment
25.901 17.920 1.878 22.169 29.633
Pair 4 Examiner 4 –
Software
assessment
15.484 19.273 2.020 11.470 19.497
SD, standard deviation; SEM, standard error mean, CI, confidence
interval.
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Students usually trust technology more than human judg-
ment when it comes to the evaluation of their work (21). They
perceive the inconsistency in assessment feedback from differ-
ent faculty as a bias, subjectivity or discrimination, which
makes them tend to question or challenge the grade or the
grading criteria most of the time (22). This distrust usually
leads to shift the focus to what is the grade rather than what it
actually represents. Grading pre-clinic exercises such as tooth
preparation exercise is usually used to show the student the
deviation from the ideal and to encourage him or her to
identify deficiencies and work to improve (22).
Thus, in the current study, the department wanted to evalu-
ate the use of a new digital grading system in minimising the
variability that usually results from the traditional visual
inspection. The department was hoping that using the new
system to evaluate students’ tooth preparations would increase
the accuracy and the precision of the evaluation process and to
take the subjectivity and the inconsistency out of the assess-
ment process. A digital grading system with its high reliability
and accuracy may shift back the focus of the students to the
learning process and away from arguing the validity of their
grade.
In the current study, students scored low by the digital
grading system because this was their first exposure to the Fair
Grader 100. It is well known that before a student can per-
form a certain procedure, it is crucial that the student knows
exactly what is to be achieved (7). Students in this study never
used the digital system before for practice and although the
tooth preparation criteria of the course didactic and laboratory
instruction agrees with the digital system criteria, students still
need to use the Fair Grader 100 in their daily practice to score
higher in the final exam.
This system can provide valuable, on-time, feedback to
students when they practise independently outside of estab-
lished laboratory times. Fair Grader 100 provides students
with a hard copy of their assessment report showing the
gold standard abutment image, an image of their preparation
and an overlapping comparison image. These images are col-
our-coded, indicating areas of deviation from ideal and
where excessive or under cutting occurred. This detailed
feedback, in addition to the high reliability and consistency
of the digital grading system, demonstrated in this study
should allow students to learn and develop these skills more
efficiently. However, more research should investigate the
importance of this new system in improving students’
learning process. An interesting future research question can
compare the grades of students in this study with next-year
students who will be getting feedback from the digital grad-
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Fig. 4. Bland-Altman plots and limits of agreements.
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ing system regularly over the course of the academic year for
different pre-clinic exercises.
Another reason of the low grades students got in this exer-
cise could be due to selecting the digital grading system default
stringent tolerance level for this exercise. However, an advan-
tage of the digital grading system is that the grade distribution
can be adjusted by modifying the tolerance level without
influencing the relative ranking of students’ scores.
Reliability is the measure of how well examiners agree with
others or themselves (7). Our results demonstrated very good
intrarater reliability. Although neither of Examiner 1 nor Exam-
iner 2 achieved the minimum acceptable intrarater agreement
of 0.8., they were very close and they scored better than graders
in other studies that reported fair to moderate agreement when
grading pre-clinical intracoronal restorations and dental
morphology exercise (4,14).
The ‘absolute agreement’ of the inter-rater reliability in this
study was less than the intrarater agreement, which has been
expected and reported in other studies (14, 23). Although the
four examiners did not agree very well on the absolute grades,
they agreed better on students’ tooth preparations ranks. This
means the student’s work that ranked well by one examiner
ranked well by other examiners.
The reproducibility of the digital grading system was almost
perfect in this study (ICC, 0.99), which agrees with other
studies that got excellent results of intrarater reliability of a
different type of digital grading system, ICC of 0.93 (14) and
ICC of 0.97 (22).
The agreement between the digital grading system and indi-
vidual examiners was very modest. One explanation could be
that comparing the two methods is invalid because digital grad-
ing system and visual grading in this application are measuring
different things. This was even emphasised further by the
results of the paired t-test which highlighted an important limi-
tation of the Fair Grader 100.
The Nissin Fair Grader 100 software main concept in
evaluating tooth preparation is to compare the student’s
preparation in terms of over-reduction and/or under-reduc-
tion from a known gold standard. Obviously, other factors
are important in terms of good tooth preparation such as
smoothness of the surfaces and finish line configuration.
Those other criteria that Nissin software did not address were
important part in the faculty members’ judgment which made
the traditional visual inspection grades vary significantly from
the digital grades.
Currently, the software can calculate and display taper, total
occlusal convergence, reduction lingual wall and axial wall
height and undercuts. Those pieces of information are very
valuable in providing accurate feedback to students. However,
this digital grading system needs to find a way to automatically
evaluate the marginal configuration of the students’ prepara-
tions as compared to the ideal.
Despite the previous limitation, the digital grading system
seems to save the time of the busy faculty members. In this
application, the time required for the four examiners to pro-
duce a grade that can be fair for the student was 3.5 times
greater than what it took one teaching assistant to grade the
same tooth preparations using the high reliable digital grading
system.
Findings from this study suggest that there is great potential
in introducing digital grading system technology in students’
pre-clinic dental work evaluation. However, any investment in
technology should be founded on a good understanding of real
and expected outcomes. That is why more research is needed
to better understand what works and what does not and to use
this feedback to improve the outcomes, and the efficiency of
learning. More detailed score that addresses different assess-
ment criteria of tooth preparation would be a good improve-
ment of the digital grading system’s current general score. This
will help students to self-assess their performance and improve
their learning experience.
Conclusion
This study demonstrates that a digital grading system like Fair
Grader 100 can reliably scan and compare student tooth
preparations to a known gold standard. Using this method will
preclude the variability and the subjectivity that usually result
from the traditional visual inspection grading and makes it fea-
sible to accurately and consistently assess students’ work. In
addition, this new method will provide immediate feedback to
students in examinations and daily practice, and reduce the
workload of faculty members, which is a huge plus.
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